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Abstract. Non thermal emission from galaxy clusters demonstrates the existence of rel- 
ativistic particles and magnetic fields in the Intra Cluster Medium (ICM). Present instru- 
ments do not allow to firmly establish the energy associated to these components. In a few 
years gamma ray observations will put important constraints on the energy content of non 
thermal hadrons in clusters, while the combination of radio and hard X-ray data will be cru- 
cial to measure the energy content in the form of relativistic electrons and magnetic field. 
SIMBOL-X is expected to drive an important breakthrough in the field also because it is 
expected to operate in combination with the forthcoming low frequency radio telescopes 
(LOFAR, LWA). In this contribution we report first estimates of statistical properties of 
the hard X-ray emission in the framework of the re-acceleration model. This model al- 
lows to reproduce present radio data for Radio Halos and to derive expectations for future 
low frequency radio observations, and thus our calculations provide hints for observational 
strategies for future radio and hard-X-ray combined observations. 
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1. Introduction 

Clusters of galaxies represent the largest viri- 
alized structures in the present Universe. Rich 
clusters have typical total masses of 10 15 M o , 
mostly in the form of dark matter, while ~ 5% 
of the mass is in the form of a hot (T ~ 10 & K), 
tenuous (n gas ~ 1CT 3 - l(T 4 cm~ 3 ), X-ray emit- 
ting gas. In terms of energy density, the gas is 
typically heated to roughly the virial temper- 
ature, but there is also room to accomodate a 
non-negligible amount of non-thermal energy. 

Clusters are ideal astrophysical environ- 
ments for particle acceleration and cosmic rays 
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(CR) accelerated within the cluster volume are 
expected to be confined for cosmological times 
(e.g., Blasi, Gabici, Brunetti 2007, BGB07, for 
a review). The bulk of the energy of these CRs 
is expected in protons since they have radiative 
and collisional life-times much longer than 
those of the electrons. While present gamma 
ray observations can only provide upper lim- 
its to the average energy density of CR pro- 
tons in the ICM (e.g. Reimer et al. 2004), ev- 
idence of a non-thermal component is in fact 
obtained from radio observations of a fraction 
of galaxy clusters showing synchrotron emis- 
sion on Mpc scales : Radio Halos, fairly sym- 
metric sources at the cluster center, and Radio 



Brunetti et al.: HXR from Galaxy Clusters 



283 



Relics, elongated sources at the cluster periph- 
ery (e.g., Feretti 2005). 

Although the bulk of present data comes 
from radio observations, theoretically a sub- 
stantial fraction of the non thermal radiation 
is expected from inverse Compton (IC) scat- 
tering of the photons of the cosmic microwave 
background (e.g., Sarazin 1999). Measuring IC 
emission from clusters in the hard X-rays is 
extremely important to derive the energy den- 
sity of emitting electrons and the strength of 
the magnetic field when these measures are 
combined with radio data. Despite the poor 
sensitivity of present and past hard X-ray tele- 
scopes, several groups have claimed detection 
of hard X-ray emission (HXR) in a few mas- 
sive clusters (e.g., Fusco-Femiano et al. 2004; 
Petrosian et al. 2006; Rephaeli et al. 2006; 
see also Rossetti & Molendi 2004 and Fusco- 
Femiano et al. 2007 for a discussion on the 
strength of the HXR detection in the Coma 
cluster). 

Thanks to its sensitivity and capability to 
perform hard X-ray imaging SIMBOL-X will 
open a new era in the study of non thermal radi- 
ation from galaxy clusters. In this contribution 
we report first expectations on the Luminosity 
Functions (LFs) and number counts of HXR 
from clusters. We calculate only the contri- 
bution to the IC spectrum from electrons re- 
accelerated by turbulence in the ICM which are 
the responsible for the origin of Radio Halos in 
the context of the re-acceleration scenario. 



A promising possibility to explain Radio 
Halos is given by the re-acceleration sce- 
nario (Brunetti et al. 2001; Petrosian 2001). 
In this scenario particles are supposed to be 
re-accelerated on large scales by MHD tur- 
bulence injected in the ICM during cluster- 
cluster mergers. Although the details of the 
physics of turbulence and of stochastic par- 
ticle acceleration are still poorly understood, 
detailed calculations of Alfvenic and magne- 
tosonic acceleration suggest taht efficient tur- 
bulent acceleration may take place in the ICM 
(Brunetti et al. 2004; Brunetti & Lazarian 
2007). 

2.2. A statistical approach 

In Cassano & Brunetti (2005) and Cassano et 
al.(2006) we have modeled the statistical prop- 
erties of Radio Halos as expected in the re- 
acceleration scenario. In these papers we de- 
rive the merging history of a large synthetic 
population of galaxy clusters, the turbulence 
injected during mergers and follow the pro- 
cess of stochastic acceleration of the relativis- 
tic electrons driven by this turbulence. 

This allows us to get semi-analytic expec- 
tations for the LFs of Radio Halos assuming a 
A/pc 3 emitting region. These are given as : 

dVdP v 4 Az V J \dM) V ; 



2. HXR expectations from the 
re-acceleration scenario 

2.1. Introduction 

Mpc scale radio emission at the level of Radio 
Halos is found in a fraction of massive and 
merging galaxy clusters (e.g., Feretti 2005). 
The connection between Radio Halos and clus- 
ter mergers, the very large extension of Radio 
Halos and their complex spectral properties 
pose serious challenges to our understanding 
of these sources, at least when a quantitative 
comparison between models and data is per- 
formed. 



where nps = nps(M,z) is the Press & 
Schechter mass function, P^ M (v) is the prob- 
ability to have Radio Halos emitting at fre- 
quency v as measured in the population of syn- 

dP 

thetic clusters and -j^ can be derived from the 
radio power cluster - mass correlation. The sta- 
tistical behaviour of P^(v) depends on the 
magnetic field strength in the emitting region 
and on its scaling with cluster mass. The im- 
portant point here is that it has been shown that 
present radio data can be reproduced provided 
that the magnetic field in the emitting region is 
within some allowed region in the B-b plane, 
where B{M) oc M h and M is the virial mass of 
clusters (CBS06). 
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2.3. IC Hard X-ray emission 

Starting from our previous statistical calcula- 
tions for Radio Halos we can obtain simple es- 
timates of the LFs of HXR as: 

dN HXR (z,P hxr ) = dN H (z,Pi 50 ) ( dP 150 \ 
dVdP hxr dVdP l5{) \dP hxr ) 

where the ratio between IC and syn- 
chrotron power depends on B: 

( 3.2(1 + z) 2 \ 2 ... 

VhxrdPhxr ~ y J fl^l50Vl50 (3) 

and where the HXRs are anchored to the syn- 
chrotron emission at v =150 MHz as the elec- 
trons emitting around this frequency in juG 
fields are also the responsible for the IC emis- 
sion in the hard X-rays. 

EqsQJO allow to obtain non K-corrected 
LFs for HXR. It should also be mentioned that 
these estimates provide lower limits (within 
a factor of ss 3) to the HXRs since a sub- 
stantial fraction of these HXRs is expected to 
come from regions external to the central Mpc 3 
(Brunetti et al. 2001,04; Colafrancesco et al. 
2005). 

The magnetic field is a crucial parameter in 
our calculations. Rotation Measures (RM) give 
values of the field of several fiG, but these esti- 
mates are affected by uncertainties in the topol- 
ogy of the field and the spatial distribution of 
the thermal electrons, as well as by the sub- 
traction of the intrinsic RM at the source (e.g., 
Govoni & Feretti 2004 for a review). Smaller 
fields, of the order of a few tenths of fiG, are 
obtained by detection of HXR (e.g., Fusco- 
Femiano et al. 2004). This latter method relies 
on the assumption that the diffuse radio emis- 
sion and the HXRs are cospatial and produced 
by the same population of relativistic electrons 
via synchrotron and IC respectively . 

Although many theoretical attempts have 
shown that this discrepancy may be alleviated 
by considering the radial profile of the mag- 
netic field strength in clusters, the correct shape 
of the spectrum of the emitting electrons, and 
possible anisotropic effects (e.g., Brunetti et 
al. 2001; Petrosian 2001), deep hard X-ray ob- 
servations should be able to definitely solve 
this point. 
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Fig. 1. LFs of HXRs in clusters. From top to bot- 
tom one has z=0.05, 0.25, 0.45 . Calculations are 
obtained assuming B(M) oc M b with B{< M >) = 
0.2^G, < M >= 1.6x 10 15 M o , and b = 0.6; this con- 
figuration is within the allowed region to match the 
radio-X-ray correlations of Radio Halos with the re- 
acceleration model (CBS06). 

In Fig. 1 we report expected LFs of HXRs 
at different redshifts assuming a low value of 
the magnetic field in the ICM (see caption), 
in which case the IC luminosities are maxi- 
mized. The flattening/cut-off at smaller lumi- 
nosities is due to the fact that at these luminosi- 
ties the LFs are contributed by clusters with 
masses < 1O 15 M in which case the particle 
re-acceleration is less efficient (CBS06). 

In Fig. 2 we report expected number counts 
by assuming two scenarios for the magnetic 
field in the emitting region (see caption). The 
important point here is that SIMBOL-X is ex- 
pected to discover HXRs in a; 30-100 clusters 
in the case of low B, while only upper limits 
to the presence of HXRs will be obtained for 
large values of B. This demonstrates the im- 
portance of future SIMBOL-X observations. 

Finally, in Fig. 3 we report the redshift dis- 
tribution of HXRs in the Universe for different 
sensitivity levels and assuming the case of low 
magnetic field. In this case SIMBOL-X is ex- 
pected to discover HXRs in a few clusters with 
redshift « 0.2, while the bulk of detectable 
HXRs is expected at lower redshift. 
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Fig. 2. Number counts of HXR. Right curve is ob- 
tained for the parameters in Fig. 1, Left curve is ob- 
tained for b = 1.5 and B(< M >) = 2fiG. Dotted 
lines give a reference range for SIMBOL-X sensi- 
tivity. 
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Fig. 3. Number of clusters with detectable HXR as 
a function of redshift. From top to bottom we as- 
sumed the following sensitivities : F6o-ioo[erg crrT 2 
s -']= lfr 13 , 5x lfT 13 , lfr 12 . Calculations are ob- 
tained by assuming the parameters in Fig. 1 



3. Conclusions 

In this contribution we report first expectations 
for HXRs from galaxy clusters, a more detailed 
study will be reported in a forthcoming paper. 
Calculations are performed in the framework 
of the re-acceleration model assuming physi- 
cal parameters which allow the re-acceleration 
model to reproduce present data of the statisti- 
cal behaviour of giant Radio Halos. 

The strength of the magnetic field in the 
ICM is a crucial parameter in our calculations 
and we have shown that SIMBOL-X will pro- 
vide unique constraints. By assuming a value 
of the magnetic field averaged in Mpc 3 volume 
of ^0.2^G we find that SIMBOL-X will dis- 
cover HXRs in rj30-100 clusters at z<0.2 . 
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